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Executive Summary 
Big Lagoon is a part of the highly variable and dynamic northern coastal region of 
California. The coastal environment of the southern Big Lagoon land area is composed a 
variably steep beach shoreline that sharply transitions into steep sheared bluffs (CCC 
2014). Atop the bluffs is the Big Lagoon Estates subdivision bordered by spruce forests 
and a wetland bog. This particular region of the California coastal zone is a coastal 
interface that is continuously changing because of its consistent exposure to the highly 
active ocean environment, to human use, development of coastal resources, and the 
impacts and placement of existing urban development and planned areas of 
development. 
The Big Lagoon Estates is one of the several areas of deferred certification within the 
North Coast Area Plan of the Humboldt County Local Coastal Program. As Big Lagoon 
Estates fall within the coastal zone, the California Coastal Commission has jurisdiction 
and has identified that the land use designation and zoning do not appropriately reflect 
the coastal resources and hazards of this local coastal community for two reasons: (1) 
coastal erosion in the form of bluff retreat; and (2) inadequate fire flow capacity within 
the water services infrastructure, the improvement of which has the potential to impact 
sensitive bog habitat in the area. 
Humboldt County Senior Planner, John Miller, requested our assistance with this 
certification effort to provide a policy recommendation that addresses the issues 
identified by the California Coastal Commission. We assisted in this certification effort 
by developing policy options based on an understanding of the relevant policy 
framework and current geotechnical conditions and service infrastructure limitations of 
the area. We researched extensively, interviewed local experts, including the Humboldt 
County Planning Department and California Coastal Commission staff and conducted 
field visits in an effort to inform our geological, technical and spatial analysis of the 
issues. 
We found that bluff retreat in the area of Big Lagoon Estates Area of Deferred 
Certification surpasses land use designations and zoning adjacent to the Area of 
Deferred Certification. Further, improvement of service infrastructure is a prerequisite 
for expansion of services to accommodate potential future development and planned 
retreat; improvement will not affect sensitive habitat in the area. 
Based on these findings, and with consideration to potential policy options, we 
recommend an update of the Land Use and Implementation Plans to address coastal 
hazard by creating a Coastal Erosion Hazard land use designation that incorporates 
open space land use standards and those special conditions of the Coastal Commission’s 
Coastal Development Permit policy rulings for otherwise non-conforming structures 
and future development. 
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1 Introduction 
The Northern Coast of California is a remote, dissected and highly variable 
coastal region. Coastal resources are of statewide importance and are core components 
addressed in the California Coastal Commission Strategic Plan (CCC 2013b). The 
California Coastal Act specifies that local governments are the most suited to planning 
and managing site specific resources in the highly dynamic coastline environment. The 
coastal environment acts as the interface between the ocean and the land and 
continuously changes because of its consistent exposure to the ocean environment, to 
human use, and development of coastal resources. Therefore, it is important that 
planning and management be highly responsive to change. By doing so, locally governed 
coastal planning and managing will be more resilient and adaptive to local coastal 
conditions, resources, and development pressures. 
Coastal counties work with the California Coastal Commission (CCC) to create a Local 
Coastal Program (LCP). An LCP should be reflective of the distinct characteristics of the 
local coastal community in order to effectively plan for and manage its coastal resources. 
Once a plan is completed by the county and approved by the CCC, coastal development 
permitting authority transfers to the County. When the LCP is drafted, not all areas are 
necessarily approved at once. Non-approved areas are termed Areas of Deferred 
Certification (ADC), in which land-use decisions continue to be made by the CCC on an 
incremental, case-by-case basis. 
Humboldt County is in the process of updating its 1984 General Plan. As part of this 
process the County is updating and integrating all LCPs into the General Plan. The 
Humboldt County LCP was created in 1982, and at the time several ADCs were left 
uncertified by the California Coastal Commission.   
Humboldt County’s LCP is divided into six segments or plans. A section of the Big 
Lagoon Estates is located within the North Coast Area Plan (NCAP) of the LCP, one of 
the several ADCs. As such, the inclusion of the Big Lagoon Subdivision ADC will need to 
be carried out as an amendment to the NCAP of the Humboldt County LCP. 
Humboldt County Senior Planner, John Miller, has requested our assistance with this 
certification effort. We are students in the Spring 2015 Senior Planning Practicum in the 
Department of Environmental Science and Management at Humboldt State University.  
In this document, we report on our analysis of bluff retreat and water services 
infrastructure capacity issues as they have been outlined by the CCC in order to certify 
the area under the Humboldt County LCP. We further provide policy recommendations 
for the County’s consideration to this end. 
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1.1 Issues 
In 1982, a portion of the Big Lagoon Estates (part of Humboldt County’s NCAP) 
was deferred certification by the CCC for three reasons: 
  
● Coastal erosion in the form of bluff retreat; 
Setbacks cannot ensure protection against erosion hazards consistent with 
public resource code 30253 (1-2) and 30235. A revised plan for the area 
should review and consider the results of shoreline erosion studies 
presently underway at Big Lagoon, and recommend policies based on that 
information (Findings and Declarations III. C.2.b.; HCPBD 2013). 
 
● Inadequate fire flow capacity within water services infrastructure; 
The present water system at Big Lagoon is not adequate to meet fire flows. 
The principle coastal resource which might be affected by expansion of 
these systems (Big Lagoon Park Corp system considered as well) is the Big 
Lagoon bog, a unique wetland which includes habitat for two rare plants, 
sundew and bug club moss. Improvements to these systems are not 
expected to affect this habitat area (Findings and Declarations III.A.3.; 
HCPBD 2013). 
 
● Inappropriate land use designation and zoning policy to address the above issues; 
Urban lands, including oceanfront lots at Big Lagoon are planned for 
residential estates (maximum density, two units/acre). Because of the 
small size of existing parcels at Big Lagoon, no new land divisions will 
occur under this plan (Findings and Declarations III.A.2.; HCPBD 2013). 
  
Our goal was to work with the Humboldt County Planning Department to address the 
issues of inadequate hazard protection measures from coastal erosion, and in particular, 
bluff retreat. Additionally, the water service system was inadequate to meet the 
regulatory demands of fire-flows. To develop an understanding of the  practical and 
policy constraints operating in this context we reviewed relevant policy documents, 
technical reports on bluff erosion and water service capacity and requirements, 
interviewed local experts, carried out field reconnaissance, and conducted geospatial 
analysis of the Big Lagoon Subdivision ADC and surrounding area. To this end we 
developed a conceptual model that reflects our understanding of the issues to be 
addressed (Figure 1).   
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Figure 1. Initial conceptual model to address bluff retreat and rural housing services and needs for 
the certification of the Big Lagoon Estates into the Humboldt County LCP. 
  
Following our conceptual model, we began by researching and reviewing scientific 
literature, technical reports, and coastal laws relevant to the key issues to be addressed. 
2 Review of Policy Framework 
2.1 Standards of Review 
An appropriate recommendation will conform to the following standards of review. 
  
The California Coastal Act (Sections 30250, 30251, 30253, 30254, 30255) requires that 
development minimize risks to life and property while also assuring the stability and 
integrity of coastal landforms. Appropriate land use designations and zoning are 
essential to locating development in a way that accomplishes these goals and others that 
are consistently cited in the County’s Draft General Plan and recently revised LCP. 
 
According to the CCC’s LCP update guidance document on updating hazard and setback 
policy, an updated LCP should include an  the location and extent of coastal hazard 
Page | 8 
areas and revise policies that address both current and anticipated conditions (CCC rev. 
2013). Updated analysis should include bluff retreat rates that take into account 
projected sea level rise and cliff instabilities.  Policy options to address these new 
findings should incorporate new methods for avoiding, minimizing and mitigating 
impacts of development within the hazardous area.  The principle method for 
addressing these findings is to ensure that construction and redevelopment within the 
hazardous area conform to development standards based on the best information 
available. 
 
Appropriate review and development siting criteria should be based on an economic 
lifespan of 75 to 100 years and account for the best available slope stability and retreat 
analysis. Methods of conducting bluff analysis include using the high range of historic 
erosion and analyses that correlate future erosion rates with the frequency of wave 
action (as was used by the Pacific Institute in its report to the California Climate Change 
Center: “The Impacts of Sea-Level Rise on the California Coast” (Herberger et al. 2009) 
and has been further articulated by the Coastal Commission staff geologist (Johnsson 
2005, Johnsson 2014). 
 
Past Coastal Development Permit (CDP) application policy rulings by the Coastal 
Commission have established the standards to be applied by future policy within the Big 
Lagoon ADC.  These standards address both the Commission’s guidance on sea level rise 
(CCC a. 2013) and the California Department of Natural Resources’ Climate Adaptation 
Strategy (CDNR 2009) which requires that Local Coastal Program updates begin with a 
vulnerability assessment.  Beyond the use of bluff setbacks, policy must maximize 
structural mobility for any permitted future development. The special conditions 
embedded in the CDP permits provide a guide for what standards ought to be included 
in the updated policy. 
 
These special conditions include: 
1. Conformance of Final Design and Construction Plans to Geologic Reports 
filed by a registered professional engineer 
2. No Future Bluff or Shoreline Protective Device, Future Removal of 
Development when threatened by unforeseen erosion hazard, 
Construction Responsibilities and Debris Removal. 
3. Agreement to Bluff Retreat Monitoring and Reporting Plan 
4. Erosion and Runoff Control Plan 
5. Assumption of Risk, Waiver of Liability, and Indemnity Agreement 
6. Deed Restriction Recordation and Disclosure of Permit 
7. Future Development Restriction Conditions 
  
(CCC b. 2003; CCC c. 2003; CCC 2010; CCC a. 2012; CCC b. 2012; CCC 2014) 
  
An updated NCAP policy that will result in the certification of the Big Lagoon ADC will 
include a definition of coastal bluff and bluff edge as the basis for establishing setbacks; 
the establishment of setbacks founded on the best available science; consideration for 
the definition of nonconforming structures that exist within a hazardous area.  Updated 
policy will also consider alternative locations for siting development, regulate future 
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redevelopment of nonconforming structures, and incorporate the best available science 
on sea level rise projections and coastal erosion that is specific to the area. (CCC rev. 
2013) 
 
2.2 Current Land Use and Implementation Plan 
An appropriate recommendation will address the existing land use designations, 
zoning of the area and relevant design standards for development within the current 
NCAP (Figure 2). 
 
  
  
Figure 2. Current Land Use Designation of the Big Lagoon area. 
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The current land use designation for the Big Lagoon ADC consist of Rural Estates 
(which allows for no further subdivision, single family residential development at 
density of 0 to 1 units per acre).  Adjacent land use designations include Rural 
Residential, Public Facilities, Public Resources and Timber Commercial. 
  
Current zoning within the ADC is a combined zone requiring design review before 
construction or redevelopment may occur. Appropriate land uses that may be 
potentially designated in the area in an updated Land Use Plan include Open Space and 
Public Lands; zoning standards may potentially be similar to those of Alquist-Priolo 
zones (HumCo 2014) if needed.   
  
NCAP policies relevant to an update include the definition of ‘bluff areas’ and ‘bluff 
edges,’ and the standards associated with urban/rural limits, public works, housing and 
hazards. The extension of services and of development beyond the current Urban Limit 
Line requires a revision of the current Land Use and Implementation Plans, specifically: 
infrastructure services must be up to capacity (including fire-flow) in the urban 
development area before an extension can occur (HumCo 2014). Consideration will 
need to be given to environmentally sensitive habitats and visual resources protection. 
3 Bluff Retreat Research & Findings 
To address the issue of bluff retreat, our team defined a Statement of Work that 
included the following: 
● Compile and analyze existing Big Lagoon area geologic hazard reports, sea level 
rise projections for the North Coast Area, regional data regarding coastal bluff 
erosion relating to sea level rise, and identify data gaps. 
● As needed, conduct limited investigations to address critical data gaps regarding 
coastal bluff erosion. 
● Based on available information, identify areas vulnerable to coastal bluff erosion  
over the next 25-, 50-, 75-, and 100-years, land uses and coastal resources at risk, 
and, if possible, identify areas that may feasibly accommodate the relocation of 
existing uses. 
This framework originally informed our process. We reviewed the available work that 
was relevant to the area, and then built upon it with our own analysis and observations. 
We summarize what we found in our research, discuss our methods and process, and 
follow with a discussion of our findings. 
3.1 Introduction 
Coastlines are constantly exposed to the dynamic ocean environment, causing 
erosion of coastal features such as bluffs. Bluff retreat is the landward migration of the 
bluff face over time (Hapke et al. 2007). As residential populations grow along 
coastlines, the expansion and density of coastal development grows; and coastal erosion 
threatens developments, community infrastructures, and human safety (Hapke et al. 
2007). There is a growing need for localized planning and policy based on consistent 
and accurate coastal erosion science, and assessment of bluff retreat rate. 
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We based much of our research on work by Don Tuttle, as his is the oldest body of 
research that is well-documented and thorough. Tuttle’s research and seminal work on 
assessing bluff retreat in the Big Lagoon Estates area provides a 70 year period 
assessment of the overall retreat rate and geology of the Big Lagoon Estates area (Tuttle 
1981). Based on Don Tuttle’s work, the information provided by USGS, as well as the 
work by CCC staff geologist Mark Johnsson, our team developed an understanding of 
how bluff retreat occurs at Big Lagoon by constant wave and tidal erosion, and by 
infrequent storm surge events (Hapke et al. 2007, Johnsson 2005). 
3.1.1 Setting 
The majority of housing construction within the Big Lagoon Estates occurred 
between the 1960’s - 1990’s. Few properties have been developed since. The 
contemporary range of residential development setback from the bluff edge is 
approximately 60 - 200 ft (see figures 13, 19, 20, 21, and 22 in appendix B). Over the 
years, many homes have been lost or relocated. As the bluff continues to retreat 
landowners will continue to lose their land. This presents a fundamental problem for 
residential development in the area. Many properties are already running out of land to 
safely and legally build upon. This sometimes results in the county buying a landowner’s 
property. As the closest set of properties disappears entirely, those behind them outside 
of the ADC will face the same issues. 
3.1.2 Geology 
The Big Lagoon Estates sits on the lowest remaining extensive marine terrace in 
the region (Michalak 2015), bordering a steep coastal bluff composed of poorly lithified 
marine layers overlying Franciscan Complex rocks (Hapke et al. 2007). Overlying the 
marine layers is a less than eight feet thick layer of eolian deposits composed of dune 
sand and a silt cap, likely deposited after the uplift and emergence of the marine terrace 
layers. The terrace itself is at least half of a mile long, and measures from its intersection 
with a gulch approximately 500 feet from the south end of the ADC to just to the north 
end of Big Lagoon Estates, near the end of Oceanview Drive. (CCC (b) 2012) The bluff 
itself is between 125 and 160 feet above mean sea level. (CCC W15b 2014, LACO F8c 
2009, Michalak 2015) 
3.1.3 Mechanism, Amplifiers, & Models of Bluff Retreat 
         Though bluff retreat in the Big Lagoon area is complex, it can be generally 
grouped into two main categories. Retreat can occur both incrementally, on a grain-by-
grain basis over time, or episodically, where large events of erosion happen nearly 
instantaneously. Incremental retreat occurs through natural soil erosion processes as a 
result of the relatively weak geologic makeup of the bluffs. This grain-by-grain 
incremental retreat happens as a result of erosion through marine, subaerial, and 
groundwater processes (CCC (a) 2003). 
 
The most prominent occurrences of bluff retreat do so during large events brought 
about by climatic changes over short periods of time. These changes coincide with what 
are referred to as El Niño winters, during which seas are generally warmer, rougher, and 
rise higher than normal levels (Hapke et al. 2007) (see Figures 9, 10, 11, and 12 in 
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appendix B for a visualization of this kind of storm surge occurring at Big Lagoon). 
Particularly destructive El Niño winters occurred in 1982-83 and 1997-98 (Hapke et al. 
2007). The episodic nature of retreat creates a unique planning situation where even 
when an incremental bluff retreat rate is determined, large episodes of bluff erosion can 
occur, effectively rendering the determined rate as unrealistic. These episodic bluff 
retreat events are the primary mechanism of bluff retreat abutted to the Big Lagoon 
Estates area (Busch 2006, LACO 2011, Johnsson 2014). 
 
In addition to normal erosion and the erosion effects caused by El Niño, retreat of the 
bluff adjacent to Big Lagoon Estates is further amplified by sea level rise caused by long-
term climate change and seismic activity. Especially into the future, sea level rise will 
begin to have a much more profound effect on the bluffs in the area, as the sea will 
encroach upon the bluffs more often and likely with more intensity. Higher sea levels 
result in higher tides, which, as previously mentioned, impact the base of the bluffs and 
cause them to weaken. Seismic activity in the area is rather high; Big Lagoon Estates is 
situated just adjacent to the San Andreas Fault. Seismic events can further weaken the 
already sensitive composition of bluffs in the area. 
 
According to Johnsson (2005), these two types of erosion discussed above, can be 
represented through two primary types of models for demonstrating bluff retreat. The 
deterministic model which uses quantitative data can be described as modeling of 
‘chronic erosion’. In our analysis this model is shown through visual representations of 
setbacks required by the CCC for properties in Big Lagoon Estates and in projected 
locations of the bluff in the future. This deterministic model is the traditional form of 
modeling bluff erosion, around which it is easier to build policy due to the linearly 
incremental nature of the data. Coastal policy-makers can create practical setbacks 
which directly use these retreat rates. However, while historical rates of retreat can be 
used to estimate the projected location of the bluff in the future, there is no guarantee 
that the rate will remain the same nor is there any guarantee that large erosion events 
will not occur. This incremental rate does not capture the inherent risk of a rapid 
erosion event. When large bluff loss episodes occur, there may not be time to move 
buildings and people to safety. The uncertainty renders policy developed from this 
deterministic model less useful or at least lacking. This is essentially the argument for 
building policy around a probabilistic model, which takes into account the fact that bluff 
retreat is not a steady phenomenon where the bluff retreats the same distance every 
year. 
 
The probabilistic model on the other hand, shows the likelihood of large erosion events 
occurring over time. It combines the historical data with data drawn from other sources 
such as assessments of climate change over relatively short periods of time and the 
intensity and frequency of storms, as well as the wave height potentially associated with 
climate change and sea level rise. This is a more accurate modeling approach in terms of 
actually representing the conditions of the bluff over time, especially into the future. 
However, the application of the probabilistic model is yet in its infancy and remains 
impractical for this case. 
 
Page | 13 
According to CCC staff geologist Dr. Mark Johnsson, the bluffs adjacent to the ADC have 
experienced some of the most extreme long and short term coastal erosion rates in the 
state (CCC 2014). Big Lagoon Estates presents an opportunity to use the unique nature 
of the area to develop policies and forecasts of bluff retreat which emphasize and plan 
for episodic occurrences of bluff retreat and their increase in frequency due to sea level 
rise. 
3.2 Literature Review 
Over time, the County and the Coastal Commission have addressed the issue of 
building near the bluff on a case by case basis. Various studies, geotechnical reports and 
CCC findings have analyzed selected portions of the bluff edge, depending on where 
development was slated to occur. These case-by-case studies usually happened at the 
same time that a homeowner wanted to build. While there is consensus among these 
investigations that the bluff is retreating at a relatively rapid rate, there are some 
differences in opinion regarding how it retreats and the speed at which it retreats. 
Although the above described mechanism of retreat (section 4.1.3) is now generally 
recognized as the leading cause of erosion for this site, current policy still reflects the 
historical deterministic method of retreat as chronic and annual. This is reflected in the 
use of setbacks. A setback, as defined by the CCC, requires that new development be 
located such that it will not be subject to erosion or stability hazard over the course of its 
design life. The Commission has historically favored this planning tool because it is the 
preferred means of assuring consistency with Section 30253 of the California Coastal 
Act. The establishment of bluff top setbacks for new development has been and is an 
integral part of most local coastal programs (CCC (a) 2003). 
Methods of determining setbacks and the setback measures themselves have varied 
along the bluff. The CCC has generally requested property owners to provide, among 
other things, a geotechnical report for their property that includes a recommended 
building setback and a rate of retreat. Historical rates of erosion along the bluff face 
have largely been determined using aerial photo analysis (with the exception of Hapke 
et al. 2007). Most reports analyzed (again with the exception of Hapke et al. 2007), 
report on both long-term erosion rates, expressed in an average feet per year, and short-
term erosion expressed in feet per an event, year, or decade. See Table 1 and Figure 3 for 
comparison overview and location of estimates. 
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Figure 3. Shows the spatial location within the ADC of the referenced CCC memoranda and geotechnical 
reports. Each property associated with a CCC memo is distinguished by color, and the geotechnical 
reports associated with each APN are shown. 
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Table 1. Bluff Retreat Rates and Setbacks 
 
Table 1. Displays the original source who performed the analysis, the CCC Memorandum that documents 
the source it is connected to, the number of years the analysis included, the estimated bluff retreat rate for 
those years, the recommended setback for the property the analysis was performed for, and the location of 
the property. Setback lengths are a product of a variety of factors that vary by source. Note: the Busch, 
2003 and 2006, retreat estimates are from one study used for both documents, the setbacks given vary 
according to the specific property. 
Table 2. Retreat Estimation Summary Table 
  
Table 2. Summarizes the reported bluff retreat estimates reported in Table 1 in terms of total feet 
retreated and time span.   
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3.2.1 Setbacks 
Methods for determining appropriate setbacks for this area have been 
inconsistent, since there is no one methodology that the CCC recommends. In previous 
actions on coastal development permits, the CCC has interpreted Section 30253 of the 
California Coastal Act to require that coastal development be sited a sufficient distance 
landward of coastal bluffs so that it will neither be endangered by erosion nor lead to the 
construction of protective coastal armoring during the assumed economic life of the 
development. The CCC has generally assumed the economic life of a new house to be at 
least 75 years (CCC (b) 2012). A setback adequate to protect development over its 
economic life must account both for the expected bluff retreat during that time period 
and the existing slope stability. Long-term bluff retreat is measured by examining 
historical data including vertical aerial photographs and any surveys conducted that 
identified the bluff edge. Slope stability is a measure of the resistance of a slope to 
landsliding through what is known as a factor of safety (FOS), and is assessed by a 
quantitative slope stability analysis (Johnsson 2014). 
Setbacks can be determined using the following formula (see flow-chart in the 
appendix): 
[Distance from bluff edge determined by FOS] + [avg. rate of long-term 
bluff retreat] * [economic life expectancy of the proposed development] + 
[a minimum of 10 feet to address uncertainty in bluff retreat] (Johnsson 
2005). 
The setback as a whole is meant to assure that the minimum slope stability standards 
are maintained for the design life of the development. 
We reviewed recent CCC memoranda for development within the ADC and the 
geotechnical reports commissioned for them to review past setback recommendations. 
The recommended setbacks ranged from 60 feet to 189 feet (see Table 1). It should be 
noted that LACO (2006) did a historical bluff retreat analysis only, and did not include a 
factor of safety in their setback recommendation. Additionally, the setback rate was for 
the presumed remaining economic life of the existing structure, and is purely an 
extrapolation of bluff retreat rate average (1.5 ft. /yr.). If the setback had been estimated 
for 75 years to be consistent with the other reports, the setback would be approximately 
113 feet. 
3.2.2 Long-term Erosion Rates 
         Long-term erosion rates have been estimated between 1 ft. /yr. to 2.7 ft. /yr.  
Another difference in the LACO 2006 from the other geotechnical reports of the area is 
the retreat estimation. It is not site specific to a particular parcel, rather the 1.5 ft. /yr. 
estimate is actually the average of “seven different reference points spanning the coast 
from the Big Lagoon community to Agate Beach” (LACO 2006 pp. 5). Therefore it is not 
a site specific rate, whereas is all the other geotechnical analyses included are site 
specific. The LACO 2006 report estimates rates to be between 1.0 ft. /yr. and 2.0ft. /yr. 
along the seven stations, with 1.5 ft. /yr. being the average. The rate of retreat was 
calculated for the bottom of the bluff as well as for the top edge. Only the bluff top 
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numbers are discussed in this report. Unfortunately, the memo cited does not elaborate 
on where the stations were placed or which stations had which rates (LACO 2006). 
Also of note is the upper range of the (Tuttle 1981) analysis. Though Tuttle’s report 
covers a larger extent than just the bluff adjacent to the ADC, only the estimates for the 
stations contained within the ADC are included in this report.  For this area, stations 14 
and 15 averaged -1.5 ft. /yr. Stations 16a and 16b recorded a bluff retreat rate of 2.1 ft. 
/yr. and 2.7 ft. /yr., respectively. (Busch 2003) points out a discrepancy between their 
work and Tuttle's measurement of Station 14, with a -19 ft. discrepancy between theirs 
and his. Additionally, later analyses noted that the Tuttle 16 station with the high 2.7 ft. 
/yr. number could have been an anomaly of that specific site due to groundwater 
emerging as a gulley from the bluff (Johnsson 2014, Busch 2006).  
The HSU Geology Department has been using Tuttle’s Station 7 in the Big Lagoon Park 
Company.  As part of Department coursework classes have built upon the information 
recorded at that station (see Appendix C). In the past 78 years the bluff in that location 
has retreated a total of 140 feet, a retreat rate of 1.8 feet per year.  
In 2014, California Coastal Commission Geologist Mark Johnsson issued a finding in 
which he identified a relatively high retreat rate of 1.5 ft. /yr. as “an appropriate rate to 
use in estimating future bluff retreat” (Johnsson 2014, pp. 4). Johnsson cites this 
number as being the highest estimated retreat for the area of the ADC proper (if Tuttle’s 
anomaly is discounted). He further goes on to justify choosing the highest estimated 
historical rate using the rationale that it is the best rate that will account for future sea-
level rise. 
With regard to measuring effects of sea level rise on bluffs in general, there is no fully-
accepted methodology. In his 2014 Geotechnical Review Memorandum, Johnsson 
discusses scientific work done regarding the most recent efforts to scientifically 
approach retreat. He references guidance for coastal analysts in Hawaii, which suggests 
planners assume future erosion will increase as a proportion of historic erosion. Another 
more process-based methodology Johnsson discusses is the Pacific Institute study that 
correlates future erosion rates of bluffs with increased frequency of wave impacts 
(Johnsson 2014). The Pacific Institute study references analysis conducted by Philip 
Williams and Associates that is based on changes in total-water level from sea level rise 
which incorporates the work done on historic changes in shoreline by Hapke et al. as 
articulated in the USGS National Shoreline Change Assessment (Hapke et al. 2006). In 
reference to the Philip Williams and Associates’ study, the report states: 
 “The erosion analysis represents a first‐order evaluation of coastal hazards 
based on currently available projections of water levels and wave 
conditions and interpretations of sea‐level rise, shoreline change rates, and 
geomorphic conditions. Available methods and data are not sufficient to 
model coastal erosion with high confidence. While the methodology used 
to develop the hazard zones was kept relatively simple and modular to 
facilitate understanding and future application with minimal effort, it 
represents one of the most comprehensive erosion hazard assessments 
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under conditions of climate change ever completed for the California 
Coast.” 
The Pacific Institute Report on Sea-Level Rise and Coastal Erosion (2009) uses this 
analysis to estimate the impact of 100-year storm events. Though this approach assumes 
that all bluff erosion is due to wave impacts, Johnson indicates that it allows for erosion 
rates to change over time as the beach or bluff experiences more frequent or more 
intense wave attack. Such an approach should be considered for examining bluff erosion 
with rising sea level. Johnsson then goes on to say that these methods are still not well 
tested or established. He then suggests that estimates use the approach used in the past 
by the CCC which has been to use the high range of historic erosion rates to represent 
average future trends. 
3.2.3 Short-term Erosion Rates 
Although rates are commonly presented as linear and constant through time as 
seen in long-term erosion rate estimation, they typically tend to be temporally episodic 
at the ADC site. Short-term erosion rates for this area have not explicitly been used to 
determine policy decisions but they are important to our discussion because the short-
term rates demonstrate the significant episodic quality of the bluff erosion. 
  
Accounts of short-term rates vary greatly. They are difficult to tease out since 
measurements are mostly anecdotal and confirmation through aerial photos is limited 
by the fact that these images of the area with good spatial resolution have simply not 
been taken often enough to document short-term changes. 
Hapke et al (2006) documents a maximum short term erosion rate at Big Lagoon of 8.5 
feet per year. The CCC in its 2014 memorandum W15b, notes rapid rates of bluff erosion 
have been measured from aerial photographs for the 1930s (58 feet of bluff retreat in a 
decade), the winter of 1941/1942 (30 feet in a season), the 1980s (at least 55 feet), and 
the winter of 1997/1998 (60 feet in a season). (Busch 2003) notes various erosion events 
at its study site also: 50 feet in the 1940’s, 10-20 feet in the 1950’s, ~20 feet in the 
1960’s, and ~20 feet in the 1980’s. In summary, events as large as 60 feet in one season 
have been documented multiple times in the area in last century, with 20-40 feet events 
noted even more frequently. These large events punctuate the issue of setbacks 
assuming a slow annual erosion rate in an area that experiences dramatic erosion very 
quickly. 
3.3 Our Findings Using GIS 
In order to create an accurate and understandable representation of bluff retreat 
within the ADC of the Big Lagoon Estates, shapefiles were used from USGS 
EarthExplorer, as well as Humboldt County’s GIS database. John Miller, the project’s 
contact at the Humboldt County Planning Office, also provided a Big Lagoon parcels 
layer, as well as a County non-certified parcels layer. GIS was used in three key 
components of the project. The first was to display where the bluff edge existed 
historically and to identify areas where storm events have eroded the bluff more severely 
than the general level of erosion (Figure 4). The second was to display parcels of the Big 
Page | 19 
Lagoon Estates which are now county-owned as a result of bluff erosion. The third was 
to conduct geospatial analysis of the bluff edges to determine a rate of bluff retreat. 
 
All of the geotechnical reports we discuss here (and their long-term retreat rates) utilize 
the same basic method of aerial imagery analysis. They used stereo pairs of aerial photo 
imagery and measured the distance from a fixed point in the photo (one that appears 
through all the years of interest) to the bluff edge, and compared that distance over 
time. The long-term historic retreat rates were determined by dividing the total amount 
of coastal retreat measured by the total length of time spanned by the aerial 
photographs examined. Our process was conceptually similar, but instead of hand 
measurements, we used the geospatial program ArcMap. 
Analysis of aerial photographs from USGS EarthExplorer was our primary method of 
mapping the historical locations of the bluff edge. Aerial photographs from 1942, 1979, 
1998, and 2014 were chosen both for their spatial resolution and their temporal 
intervals. These intervals of time are far enough apart to show major bluff retreat; they 
are also taken at appropriate intervals to show effects of significant storm events. For 
instance, during the interval 1940-41 a large event occurred after which several cabins 
had to be removed from an area just to the north of Big Lagoon Estates (Tuttle 1981). 
The 1942 aerial was chosen due to its accurate representation of the effects of that event. 
Each of the historical photos was geo-referenced to the spatial reference embedded in 
the 2014 aerial photo. We used a field and houses built prior to the 1942 photo in the Big 
Lagoon. Once all of the photos were accurately digitized, the photos were effectually 
stacked on top of each other. We were able to then digitally draw a line along the bluff 
edge of each photo year, creating a visual representation of the bluff movement through 
snapshots in time. Since all of the photos were at the same scale and location, the digital 
bluff edge lines are fairly spatially accurate. The measure tool within the program was 
then used to measure distance of retreat on any point along the bluff for the entire 
length of time of between two particular time periods. See Figure 4 for visualization. 
The measure tool was further used to measure distance of structures from the 2014 bluff 
edge. Doing so helped to quantify which structures were closest to the bluff, and where 
they were located. Once these distances were calculated, a map layout was created that 
shows the estimated distance between structure and bluff for each development that was 
within close proximity to the edge. These measures are purely estimates and are limited 
by photo resolution. They are meant to give a rough idea of where structures currently 
sit and are not to be taken as absolute, accurate numbers. See Figures 5 and 6. 
In accordance with our statement of work, we developed maps showing projected 
locations of bluff edges in the future. We conducted deterministic modeling to calculate 
projected bluff edges into the future using a retreat rate of 1.5 feet/year in accordance 
with the recommended retreat rate for the area as stated by Johnsson (2012). 
Projections were calculated for locations of the bluff for 30, 50, 75, and 100 years into 
the future. These findings are listed in Table 2 below. The ArcGIS Buffer tool was used 
for bluff projections (see Figures 14, 15, 16, 17, and 18 in appendix B). As mentioned 
before, probabilistic modeling of bluff retreat is ideal, but it is in its scientific infancy. 
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Table 3. Projected Distance of Bluff Retreat 
 
Distance of retreat                      Rate - 1.5 ft. /yr. (.46 m/yr.) 
30 years 45 feet (13.7 meters) 
50 years 75 feet (22.8 meters) 
75 years 112.5 feet (34.3 meters) 
100 years 150 feet (45.72 meters) 
 
 Table 3. Projected bluff retreat distances over 30 year, 50 year, 75 year, and 100 year periods using a 
retreat rate of 1.5 ft. /yr. (.46 m/yr.). 
  
 
Here it is worth reiterating that these distances are simply the extrapolation of a retreat 
rate of 1.5 feet/year over periods of time. Large events of erosion and retreat are not 
accounted for on a year to year basis in this model. 
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Figure 4. Historical retreat of the bluffs adjacent to the northern region of the Big Lagoon Subdivision 
ADC. 
  
GIS representations for setbacks and deterministic modeling were created using data 
from California Coastal Commission staff reports and the technical analysis within those 
reports. All GIS operations were completed using ArcGIS Suite – mostly in ArcMap. On-
screen digitizing was used to create layers displaying the bluff edge near Big Lagoon 
Estates at different time intervals. Map layouts were created using ArcGIS as well, then 
exported to PDF format. 
3.4 GIS Results and Discussion 
From our research and work, some import points and notes of discussion came to 
the forefront. This section further elaborates on these points.   
3.4.1 Variance of Retreat Rates 
Our own analysis of GIS layers from USGS Earth Explorer and Humboldt County 
confirms the variation in retreat rate from the northern end of the subdivision to the 
southern end. At the northernmost property in the subdivision, 56 feet of bluff eroded 
from 1998 to 2014 a maximum erosion rate of up to 3.5 feet per year. Toward the 
southern end of the subdivision, the bluff eroded 31.5 feet from 1998 to 2014 - a 
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maximum erosion rate of 1.97 feet per year. However, much of this erosion has occurred 
in the form of relatively large events. In this case, the El Niño event of 1997-1998 likely 
affected much of the bluff and influenced the rate of retreat heavily (see Figure 4). 
When applying Johnsson’s rationale of using the highest recorded rate of retreat, our 
research shows that a rate of 2.0 ft. /yr. might be more appropriate. Johnsson cites the 
work and table done by (LACO 2012) in his justification. This table lists the (LACO 
2006) 1.5 ft. /yr. estimate to which Johnsson is referring to. As discussed earlier, this 
number by (LACO 2006) is the average of the entire bluff next to the subdivision, not 
one station. Each of the other estimates in the table is based off of one property along 
the bluff, not an average of seven. If the site of highest retreat rate is to be used, then the 
2.0 ft. /yr. is more appropriate, given that (LACO 2006) cites this as the highest rate 
found among its 7 stations used. This is assuming that Johnsson’s suggestion is meant 
to be taken for the Big Lagoon Estates as a whole, and not just for the Winget property 
for which he wrote the memorandum. 
3.4.2 Retreat Affecting Areas Outside of the ADC 
Through our analysis, we found that due to increased levels of bluff retreat, 
houses outside of the ADC are also imperiled. The retreating bluff edge has moved closer 
to the properties on the eastern side of Roundhouse Creek Road outside of the ADC, 
effectively presenting them with the same issues as houses within the ADC and 
shortening their economic lifespan. Due to the geographic layout of Big Lagoon 
Subdivision, some properties eastward of the ADC are actually closer to the bluff edge 
than some of those within. The northernmost house in the subdivision, APN #51724107, 
sits ~85 feet away from the edge while the house sitting upon APN #51725113 toward 
the southern end of the subdivision is ~180 feet away. See Figures 5 and 6. 
  
  
  
  
  
  
Page | 23 
   
 
Figures 5 & 6. Distances of structures from bluff edge in Big Lagoon Subdivision. Notice some houses 
eastward of Roundhouse Creek Road are closer to the bluff edge than those within the ADC. 
  
3.4.3 Continued Development of the ADC 
Also through our mapping of the area, we noticed some distinct differences from 
previous maps of the area. The parcel map we received showed four parcels within the 
ADC as undeveloped. This is no longer the case. Two of the parcels, APN 517-251-006 
and APN 517-251-018 are now actually developed. APN 517-251-006 is the Wilson 
property, for which development is discussed in the CCC memo W10a from 2012. APN 
517-251-018 is the Winget property for which development is discussed in the CCC 
memo W15b from 2014. This property has been permitted to develop, but as Google 
maps 2015, does not yet appear to be developed. The other two remaining properties are 
APN 517-251-012 which we estimate (using the measure tool discussed in methods) to 
have about 115 feet left from parcel line to bluff edge as of 2012. This property is 
mentioned in Busch (2003) as being owned by the same owner (Rohner) as the parcels 
next door, who relocated his house further back on the bluff after the 1990’s El Nino and 
combined APN 517-251-014 and APN 517-251-015 to become APN 517-251-039. APN 
517-251-039 was also the subject of the CCC memo F8c from 2010. 
 
The final property originally marked as vacant is APN 517-241-005. This property is 
surrounded by the county owned parcels where homes were removed from retreat. This 
property in effect no longer exists. We estimate (using the measure tool discussed in our 
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methods) approximately 15 feet are left between bluff edge and the eastward property 
line as of 2014. 
3.4.4 Distance to “Trigger” the Moving of a Structure 
Dr. Johnsson in his 2014 Geotechnical Review recommends that a “reasonably 
conservative trigger” of 60 feet or a factor of safety of 1.5 be used to determine when a 
structure situated along the bluffs should be reassessed for safety (whichever comes 
first). It can be surmised from this recommendation that there is a chance that at a 
distance from 60 feet from the bluff, any structure situated on the bluff is in danger. 
Essentially, this means that in order to maintain structure safety, the bluff edge should 
remain at least 60 feet away from the structure situated on the property for at least 75 
years to be in concordance with Coastal Commission definition of the economic life of a 
home. Depending on how a setback is determined, this may be the case, though not 
always. The County may consider clarifying setback policy to explicitly have the 60 foot 
consideration factored into setbacks. 
3.4.5 Conclusion 
In conclusion, the bluffs adjacent to Big Lagoon Estates are dynamic and 
geologically diverse. Retreat is inevitable, whether through incremental, grain-by-grain 
erosion, or episodic erosion in the form of large events. Most retreat occurs in these 
large events, which makes prediction of bluff location in the future quite difficult. 
Retreat is further amplified by effects such as sea level rise and seismic activity. It is 
challenging to measure bluff retreat in a way which is accurate and certain. Further, Big 
Lagoon private properties are being lost at the highest rate found anywhere along the 
California coast (Johnsson 2014). These conditions combined result in one of the most 
unique areas in the state, in terms of policy, geology, and infrastructure. 
 
The situation is summarized as such by Busch (2006): 
 
“It is an ominous situation that sea level is rising, and that the rate of rise 
is increasing, because episodic bluff erosion presents the greatest hazard 
to [Big Lagoon Estates] property.” 
4 Service Infrastructure: Fire Flow Capacity Research & Findings 
Community Service Districts (CSD) are required to meet fire protection service 
standards set by the State of California’s Department of Forestry and Fire Protection 
and the CCC if the district falls within the coastal zone. These standards generally 
require that Community Service Districts need to have adequate amounts of water 
available in reserve to protect structures from fire, called fire-flow (Winzler & Kelly 
2008). 
The ability of the Big Lagoon Subdivision CSD to provide adequate structural fire 
protection services to CSD residents is based on the actual water available (i.e. water 
available to be welled up and stored at a given time), delivery rate (i.e. how fast water 
can be delivered from extraction or storage to the site in need of fire protection), and 
storage capacity (i.e. the amount of water that can be stored). If the storage capacity of 
the CSD does not meet the required amount of water that is needed to be available for 
adequate structural fire protection, the CSD needs to retrofit or upgrade the storage 
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capacity infrastructure in order to meet the fire flow capacity of the service area 
(Winzler & Kelly 2008). According to water studies carried out by Humboldt’s Local 
Agency Formation Commission (LAFCo) and the Community Infrastructure and 
Services Report (Winzler & Kelly 2008) the CSD water service is inadequate for 
supplying fire flow capacity, despite the abundance of municipal water (Winzler & Kelly 
2008). Both the Winzler and Kelly and the LAFCo reports indicate that future 
infrastructure and capacity improvement is needed (LAFCo 2008). 
CSD managed water is welled up on site and stored in water holding tanks. Then the 
water is distributed throughout the subdivision by underground piping infrastructure. 
As of 2008, the water system consists of 2 wells, a 20,000 gallon redwood storage tank, 
booster pumps and 3,000 gallon hydropneumatic tank with an air compressor (Winzler 
& Kelly 2008). The system was originally designed to serve forty households and the Big 
Lagoon School. 
Two endangered plant species are found in a bog adjacent to the Big Lagoon Estates. 
These are sundew (Drosera spp.), and northern bog club moss (Lycopodellia inundata). 
Water quality of Roundhouse Creek is of special concern as a result of this because the 
bog and the creek are subterraneously connected by the same water table. (Winzler & 
Kelly 2008) 
As of 2007 and 2008 the County reviewed its infrastructural capacity. Winzler and Kelly 
conducted the review for the County and reported thirty four households receiving 
water, with a decrease in households due to the recent bluff erosion event of 97-98. 
Besides serving a small pool of residents, growth for the CSD is limited to currently 
vacant lots, of which there are 13. We estimate that this number is likely much lower 
today than in 2008 because at least three of the known lots have been developed and 
two of the vacant lots have been substantially reduced in size as a result of bluff erosion 
(see Figure 13). Winzler and Kelly also reported that the land use zoning densities limit 
extending further development of the area, although according to the LAFCo report, the 
Big Lagoon CSD will “need to expand its water system infrastructure to serve [any] 
additional growth”(LAFCo 2008). 
4.1 Our Findings from Research 
Overall the system was found to be in good condition, with more than enough 
water to provide for current and estimated future municipal use. Current peak water use 
is estimated at approximately 17% of available production capacity. (LAFCo 2008) 
However, while the municipal water supply is ample, storage capacity to provide 
adequate fire flow rates was found to be deficient. (LAFCo 2008) 
In addition, approximately 0.6 miles of distribution system piping were found to be in 
need of replacement due to coastal bluff erosion. The 2008 LAFCo report for CSD 
identifies the piping issue as one that should be immediately addressed. 
  
Other recommended repairs to the service infrastructure include (LAFCo 2008): 
● Installation of a check valve on the hydro pneumatic tank well discharge and the 
yard well discharge line. 
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● Installation of a new roof on redwood tank. 
● Recoating of the interior and repainting of exterior of hydro pneumatic tank. 
● Repainting of the exterior of both pumps. 
● Development of a cross-connection ordinance. 
● Performance of well source chemical tests and raw water testing for nitrate and 
Radium-288. 
5 Summary of Findings 
In the Big Lagoon subdivision area, many homes have already been lost or 
relocated as a result of bluff retreat. At least 15 properties within the ADC itself have 
been impacted, making them unsuitable for residential development and essentially 
ending their economic lifespan. Additionally, properties landward of the eroded parcels 
are now so close to the bluff edge that their future safety and economic life must be 
reassessed. 
Assessment of bluff retreat remains variable and is best if done on a case-by-case basis 
and needs to incorporate sea level rise.  Such a process can be accomplished within the 
CDP process by standardizing the design review based on past Coastal Commission 
policy rulings.  Standardization may be in the form of zoning given current land use 
designations or be the basis of a new kind of land use designation.  In either case, the 
ADC will need to be rezoned, if not comprehensively re-designated.  The area beyond 
the ADC will also need to be considered in the same regard in light of continued bluff 
retreat projections and the uncertain effects of sea level rise.  Properties beyond the ADC 
currently are, or will soon become, endangered by the retreating bluff within their 
expected economic lifetime.  As development becomes threatened retreat will be 
necessary, and so the impermanence of structures should be emphasized in the updated 
policy.  Current land use designations and zoning require that existing service 
infrastructure meet fire-flow capacity requirements before the urban/rural limit line can 
be adjusted to accommodate the retreat of threatened structures. The area landward 
currently designated Rural Residential is an appropriate location for this.  It is apparent 
that enhancement of the water service system will not impact the sensitive bog habitat 
located within the vicinity. 
The Big Lagoon CSD water service capacity is inadequate to meet fire flow capacity in 
case of a structure fire. If the system is to be improved, impacts to endangered species 
will need to be addressed. If the urban/rural limit line is to be expanded as a part of 
bluff retreat strategy, the CSD must extend its services, in which case its current lack of 
fire flow capacity must be resolved. The current extent of the urban/rural limit line 
includes the properties within the Community Services District which are designated as 
Residential Estates (RE). The potential to extend services beyond the urban/rural limit 
line  in order to accommodate planned retreat of residences endangered by bluff retreat 
is limited by current service limitations, which must first be brought up to capacity 
(Humboldt County 2014), giving due  consideration to sensitive habitat in the area. 
Specifically, the issue of infrastructure fire-flow capacity can be addressed through a 
policy requiring that new development in the ADC, or within the CSD generally, install a 
2,500 gallon water tank to supplement the need for greater capacity in times of 
emergency. Supplementarily, the CSD of Big Lagoon could combine service 
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infrastructure with the adjacent Big Lagoon Park and the Big Lagoon Rancheria to 
increase efficiencies (LAFCo 2008). 
6 Policy Options  
 
The two key questions Humboldt County must ask itself with regard to coastal 
erosion are: 
1. Whether to prevent all shore protection or just shoreline armoring; and  
2. Whether and when to require removal of buildings.  
(EPA 2011) 
Humboldt County’s options are limited by the fact that the Coastal Commission has 
ruled out the possibility of future shore protection or armoring, leaving the County to 
determine how to plan for retreat.  According to the Environmental Protection Agency, 
the three most common legal approaches to retreat policy are to: 
● Limit or prevent construction (adopt setbacks) and create 
development reserve area 
● Adopt rolling easements; or 
● Curtail subsidies and rely on market forces  
(EPA 2011) 
The County can draft an updated Land Use Plan and Implementation Plan that will 
satisfy either of the first two approaches  by either  (1) re-designating and zoning 
hazardous areas as open space with legal nonconforming structures subject to CDP 
design review, placing a cap on both density and subdivision, and incorporating CDP 
standards through a setback (or moving setback, i.e. a ‘rolling setback’ based on the 
position of the bluff edge and  factor of safety); or (2) Integrate these policies as a new 
Coastal Erosion Hazard land use designation with  accompanying zoning 
implementation that incorporates CDP standards (also subject to movement in accord 
with the best available information on bluff edge position and factor of safety 
conditions); or (3) establish a rolling easement plan for the area (in which a non-state 
entity purchases hazardous areas as they develop, compensating the land owner).  
Included in this process should be an effort to adjust the urban/rural limit line in order 
to accommodate orderly retreat from the hazardous area. The County can accomplish 
this in a variety of ways, some of which include bringing the current service 
infrastructure up to the required capacity through (1) the inclusion of contributing 
facilities as a requirement for future CDP approval, (2) incentivizing the CSD to combine 
resources with adjacent communities of Big Lagoon Park Company and Big Lagoon 
Rancheria, (3) supporting CSD funding efforts as needed. 
The County’s CDP standards and zoning should include all special conditions articulated 
within recent Coastal Commission policy rulings (see table 4; see appendix for greater 
detail)  and include requirements for bluff retreat analysis to incorporate sea level rise, 
potentially reviewing such analysis in a way similar as to geologic reports subject to the 
requirements of Alquist-Priolo zones.  The Solana Beach and Laguna Beach LCP Land 
Use Plans provide examples of how such standards may be implemented (Solana 2012, 
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Laguna 2011).  The County can establish setbacks based on an ultimate retreat rate that 
is incorporated into the new zoning policy and is updated at regular intervals and based 
on the best available science as well as develop a more nuanced approach to setbacks 
which requires the bluff retreat analysis of CDP applicants to incorporate a standard 
factor of  safety, rate of retreat as determined by a County reviewed geologic report, life 
expectancy of development, margin of safety and ‘trigger’ distance for re-assessment.  In 
whatever case, the County should maintain agreements with land-owners within the 
updated land designation area to monitor and report the status of the bluff into the 
future upon which informed decision may be made.   
Alternatively, the County may establish a rolling easement program in which property 
shifts and is acquired by another entity as the bluff retreats. The premise of the rolling 
easement is that the owner will use the land in a way consistent with eventual retreat 
and a conservancy organization, the California Coastal Conservancy for example, will 
purchase the easement (EPA 2011). Although rolling easements are more complex and 
difficult to administer, they have the potential to avoid or mitigate takings claims and 
litigation by abstaining from County policy that forces people to abandon homes to the 
retreating bluff (Titus 1998); purchase of the easement compensates the land owner, 
thus relieving the state of its Constitutional burden. Easements also provide landowners 
with greater certainty as to the future of their property, relative to the unpredictability of 
future regulation. Other policy mechanisms include covenants and defensible estate and 
future interest agreements. In whichever case, agreements based on the condition of the 
bluff allow for a more adaptive, less deterministic means for dealing with the 
consequences of bluff retreat as it retreats. For example, at the ‘trigger’ point of 60 feet 
or the decline of the factor of safety to below 1.5, the property could then fall under the 
rules governing the conservation easement, not before, yet there after.   
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Table 4.  CDP policy rulings special conditions to be standardized in the Humboldt 
County Land Use Plan update of the North Coast Area Plan of the Humboldt County 
Local Coastal Program (see appendix A for greater detail and suggested template). 
 
California Coastal Commission’s CDP policy rulings special conditions: 
1. Conformance of Final Design and Construction Plans to Geologic Reports filed 
by a registered professional engineer 
2. No Future Bluff or Shoreline Protective Device, Future Removal of 
Development when threatened by unforeseen erosion hazard, Construction 
Responsibilities and Debris Removal. 
3. Agreement to Bluff Retreat Monitoring and Reporting Plan 
4. Erosion and Runoff Control Plan 
5. Assumption of Risk, Waiver of Liability, and Indemnity Agreement 
6. Deed Restriction Recordation and Disclosure of Permit 
7. Future Development Restriction Conditions 
 
7 Recommendation 
Based on these findings, and past policy rulings, it is worthwhile for the County to 
consider the creation of a new zoning prescription or land use designation that reflects 
the conditions of the area (i.e. “Coastal Erosion Hazard” -- see figure 7) and standardizes 
the conditions of future Coastal Development Permits within the area of concern (see 
appendix for greater detail and suggested template) while abiding by Coastal 
Commission LCP update and sea-level rise guidelines (see appendix A), which may 
extend beyond the Big Lagoon Estates ADC proper and include all lands within the 
urban/rural limit line currently serviced by the CSD. The Big Lagoon Estates CSD needs 
to make the necessary suggested infrastructural improvements and increase their fire 
flow capacity, and prepare to expand their infrastructure to accommodate new 
development.  
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Figure 7. Recommended Land Use Designation for the Big Lagoon area. 
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9 Appendix A: CCC Standard Conditions & Guidelines 
9.1 Suggested Template for Standard Conditions of Coastal 
Erosion Hazard Area 
~Adapted from past Coastal Commission CDP policy rulings special conditions~ 
Past CCC policy rulings articulate the following conditions for proposed development 
within the Area of Deferred Certification (Staff reports 2014, 2012, 2010, 2003a. and 
2003b.).  Below is a suggested example of how the County may adapt these conditions 
as standards for its Coastal Development Permitting process.  These standards may be 
further adapted to be the standard conditions of the recommended Coastal Erosion 
Hazard land use designation for the area.  
Conformance of Final Design and Construction Plans to Geologic Reports 
filed by a registered professional engineer. 
All final design and construction plans, including site preparation, cut and fill slopes, fill 
materials, compaction, seismic design, setbacks, foundation design, drainage and 
erosion control, and septic design, shall be consistent with the recommendations 
contained in a geologic report [review of the geologic report by either the Coastal 
Commission staff geologist or by a County contracted geologist, similar to the process 
requirements of the Alquist-Priolo Fault Hazard Regulations as found in the County 
Code of Regulations, wherein: 
● A fully executed agreement between a geologist registered in the State of 
California and the County to either review the report required or to prepare a 
request for waiver; (Section 7.3.1.1) 
● A fully executed agreement between the County and the applicant to reimburse 
the County for the costs incurred pursuant to the agreement specified in the 
subparagraph 2.8.3.1.1. (Section 7.3.1.2) 
  
All authorized development shall be located at least as far back from the bluff edge as 
determined by the report that was the basis for the approved site plan. 
  
PRIOR TO ISSUANCE OF THE COASTAL DEVELOPMENT PERMIT, the Applicants 
shall submit, for the Planning Department’s review and written approval, evidence that 
a licensed professional (Certified Engineering Geologist or Geotechnical Engineer) has 
reviewed and approved: all final plans for site preparation, cut and fill slopes, fill 
materials, compaction, seismic design, setbacks, foundation design; drainage and 
erosion control plans; septic design; and the minimum bluff edge setback plot plan, and 
has certified that each of those plans is consistent with: 
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1. All of the recommendations specified in the geologic report, including but not 
limited to the recommendation that the foundations shall be designed to facilitate 
removal and/or relocation of the structure and its foundation in the future. 
2. Plot plans approved by [Humboldt County] for the project site. 
The Permittees shall undertake development in accordance with the approved final 
plans. Any proposed changes to the approved final plans shall be reported to the 
[Planning Department]. No changes to the approved final plans shall occur without a 
County amendment to this Coastal Development Permit, unless the [Planning 
Department] determines that no amendment is legally required. 
No Future Bluff or Shoreline Protective Device, Future Removal of 
Development when threatened by unforeseen erosion hazard, Construction 
Responsibilities and Debris Removal. 
1. Construction of shoreline protective devices on the parcel is prohibited. 
2. Landowners must provide a geotechnical investigation by a registered 
professional engineer. 
3. Removal of the authorized structures and their foundations if bluff retreat 
reaches the point where the structures are threatened, and requires that the 
landowners accept sole responsibility for the removal of any structural debris 
resulting from landslides, slope failures, or erosion of the site. 
4. Any rights to construct bluff protective device(s) must be waived by landowner on 
behalf of themselves and all successors and assigns. 
5. Landowners shall remove the development if any government agency has ordered 
that the structures are not to be occupied due to hazards associated with the area.   
6. In the event that portions of the development fall to the beach before they are 
removed, the landowner shall remove all recoverable debris associated with the 
development. 
7. Landowner must accept sole responsibility for removal of any structural debris 
resulting from landslides, slope failures, or erosions of the site. 
8. In the event the edge of the bluff retreats to within [60] feet of the authorized 
development but no government agency has ordered that the structures not be 
occupied, a geotechnical investigation shall be prepared by a registered 
professional engineer and if the geotechnical report concludes that the structures 
are unsafe for occupancy the threatened portion of the structure must be 
removed. 
9. Construction of shoreline protective devices on the parcel is prohibited.  The 
landowner must provide a geotechnical investigation and remove the house and 
its foundation if bluff retreat reaches the point there the structure is threatened. 
10. Foundations for the proposed development must be designed to facilitate moving 
the structures in the future if necessary. 
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Agreement to Bluff Retreat Monitoring and Reporting Plan 
By acceptance of this permit, the Permittees agree, on behalf of themselves and all 
successors and assigns, to the following bluff retreat monitoring requirements for the 
use of the bluff-top residential parcel: 
  
1. The Permittees agree to undertake annual bluff measurements pursuant to the 
approved plan and to submit annual measurement results to the [Planning 
Department] and the [County of Humboldt] every year by June 1st (i.e., following 
the end of the previous rainy season) beginning the first year following the date of 
approval of this coastal development permit; 
2. The Permittees agree to have a Certified Engineering Geologist or Geotechnical 
Engineer undertake periodic bluff stability analyses pursuant to the approved 
plan. Bluff stability analyses shall be conducted when the bluff edge measures: 
  
● A specified distance from the authorized single family residence [60 feet]. 
● A specified distance from the authorized single family residence. The 
Permittees agree to submit the results of each analysis to the [Planning 
Department] and to the [County of Humboldt] by June 1st following each 
analysis. 
● The Permittees agree to grant reasonable access to [Planning Department] 
staff upon request (with a minimum of 48 hours’ notice) to enter the 
property periodically over the life of the development for bluff monitoring 
verification purposes. 
  
PRIOR TO ISSUANCE OF THIS COASTAL DEVELOPMENT PERMIT, the Applicants 
shall submit, for [Planning Department] review and written approval, a plan prepared 
by a Certified Engineering Geologist or Geotechnical Engineer for conducting annual 
measurements and periodic analyses of bluff stability at and adjacent to the subject site, 
as required above. 
  
1. The bluff monitoring and reporting plan shall demonstrate and include, at a 
minimum, the following: 
● Provisions for establishing, within 180 days of approval of this coastal 
development permit 
○ At or adjacent to the westernmost point of the residence foundation 
○ At or adjacent to the westernmost point of the septic system 
leachfield line(s) monuments or points of measurement to be 
located. 
● Provisions for the Permittees and/or their successors in interest to 
conduct annual measurements of the distance between each established 
monument and the bluff edge, as defined by CCR§13577(h), a minimum of 
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once annually, at similar times each spring, for the life of the authorized 
development, with measurement reporting including at least the 
following: the distances to the bluff edge from each established monument 
measured to the nearest foot, date of the measurement, identification of 
the person making the measurement, and, one or more photos of the bluff 
if retreat of more than 5 feet has occurred since the prior year; 
● Provisions for a Certified Engineering Geologist or Geotechnical Engineer 
to conduct a quantitative bluff stability analysis and submit the analysis to 
[Humboldt County] when the bluff edge measures. 
○ A specified distance from the authorized development [60 feet]. 
○ A specified distance from the authorized development, as reported 
by the annual measurements. 
2. Each quantitative bluff stability analysis shall include a detailed assessment of 
bluff stability (including an investigation of bluff profile, cracking, seeps, a review 
of annual bluff measurements, and a quantitative slope stability analysis based on 
soil strength parameters contained within the initial geologic report, or upon 
updated studies if available) and recommendation as to whether or not the 
approved development remains in a stable location on the bluff top. 
 
● For the purposes of these analyses, “stable location” shall be defined as 
inland of the 1.5 factor of safety established by the qualitative bluff 
stability analysis or a minimum distance of 60 feet between the bluff edge 
and the authorized development, whichever is greater; Provisions for 
submittal of results of annual measurements and results of quantitative 
bluff stability analyses to [Humboldt County] by June 1st of each year 
following each monitoring and analysis event, as applicable. 
● Provisions requiring that if any governmental agency orders removal of 
the development or if the results of annual measurements and/or bluff 
stability analyses indicate that either the primary leach field system or the 
other development approved pursuant to coastal development permit is 
not located in a stable location (as defined above), the Permittees shall 
submit a plan and schedule for abandoning and removing the unsafe 
development. In the event that only the primary septic lines, but not the 
residence, are not located in a stable location as defined above and require 
removal, the plan and schedule shall include provisions for constructing 
the approved reserve septic leach field landward of the approved residence 
in accordance with County Division of Environmental Health standards 
and for connecting the residence to the new system prior to abandonment 
and removal of the threatened leach field lines. Removal and/or relocation 
activities shall be processed as amendment(s) to this CDP, unless the 
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[Planning Department] determines that no amendment is legally required. 
The Permittees shall, within 90 days of submitting the plan for removal 
and/or relocation, apply for the CDP amendment for removal and/or 
relocation of the development. 
3. Permittees shall monitor and report on the bluff and apply for removal of the 
development in accordance with the approved final plan. Any proposed changes 
to the approved final plan shall be reported to the [Planning Department]. No 
changes to the approved final plan shall occur without a [County] amendment to 
this coastal development permit, unless the [Planning Department] determines 
that no amendment is legally required. 
  
Erosion and Runoff Control Plan 
  
PRIOR TO ISSUANCE OF THE COASTAL DEVELOPMENT PERMIT, the Applicants 
shall submit, for the [Planning Department's] review and written approval, Drainage, 
Erosion, and Runoff Control Plans. The plans shall incorporate design elements and/or 
Best Management Practices (BMPs) which will serve to minimize the volume and 
velocity of stormwater runoff leaving the developed site, and to capture sediment and 
other pollutants contained in stormwater runoff from the development, by facilitating 
on-site infiltration and trapping of sediment. The final drainage and runoff control plans 
shall, at a minimum, include the following: 
  
1. Runoff from the roofs, driveways and other impervious surfaces shall be collected 
and directed into pervious areas on the site for infiltration to the maximum 
extent practicable in a non-erosive manner, prior to being conveyed off-site. 
Where gutters and downspouts are used, velocity reducers shall be incorporated, 
to prevent scour and erosion at the outlet; 
2. Runoff from impervious surfaces shall be designed to sheet-flow through 
biofilters or other filtration oriented BMPs; 
3. Vegetation at the site shall be maintained to the maximum extent possible, and 
any disturbed areas shall be replanted or seeded with native vegetation 
immediately following project completion; 
4. Provisions for maintaining the drainage system, including structural BMPs, in 
functional condition throughout the life of the approved development. Such 
maintenance shall include, but shall not be limited to, the following: 
  
● BMPs shall be inspected, cleaned and repaired when necessary prior to the 
onset of the storm season, no later than September 30th each year, and 
● Should any of the project’s surface or subsurface drainage/filtration 
structures or other BMPs fail or result in increased erosion, the 
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Permittees/landowner or successor-in-interest shall be responsible for any 
necessary repairs to the drainage/filtration system or BMPs and 
restoration of the eroded area. Should repairs or restoration become 
necessary, prior to the commencement of such repair or restoration work, 
the Permittees shall submit a repair and restoration plan to the [Planning 
Department] to determine if an amendment or new coastal development 
permit is required to authorize such work; and 
● The plans shall be consistent with the drainage and erosion control 
recommendations contained in the Geologic report. The Permittees shall 
undertake development in accordance with the approved final plans.  Any 
proposed changes to the approved plans shall be reported to the [Planning 
Department]. No changes to the approved plans shall occur without a 
[Humboldt County] approved amendment to this coastal development 
permit unless the Planning Department] determines that no amendment 
is legally required. 
Assumption of Risk, Waiver of Liability, and Indemnity Agreement 
  
The applicant must acknowledge and agree that the site may be subject to hazards and 
must assume the risks of injury and damage from such hazards, to unconditionally 
waive any claim of damage or liability against the County, and to indemnify and hold the 
County harmless in case of damages.   
  
By acceptance of this permit, the Permittees acknowledge and agree: 
  
1. That the site may be subject to hazards from earthquakes, erosion, landslides, 
bluff failure, and other geologic hazards and 
2. To assume the risks to the Permittees and the property that is the subject of this 
permit of injury and damage from such hazards in connection with this permitted 
development. 
3. To unconditionally waive any claim of damage or liability against the [County], 
its officers, agents, and employees for injury or damage from such hazards. 
4. To indemnify and hold harmless the [County], its officers, agents, and employees 
with respect to the [County] approval of the project against any and all liability, 
claims, demands, damages, costs (including costs and fees incurred in defense of 
such claims), expenses, and amounts paid in settlement arising from any injury 
or damage due to such hazards. 
Deed Restriction Recordation and Disclosure of Permit Conditions 
  
Must indicate that [Humboldt County] has authorized development on the subject 
property, subject to terms and conditions of the subject permit. 
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PRIOR TO ISSUANCE OF THIS COASTAL DEVELOPMENT PERMIT, the Applicants 
shall submit, for the [Planning Department's] review and written approval, 
documentation demonstrating that the Applicants have executed and recorded against 
the parcel(s) governed by this permit a deed restriction, in a form and content 
acceptable to the [Planning Department]: 
  
1. Indicating that, pursuant to this permit, [Humboldt County] has authorized 
development on the subject property, subject to terms and conditions that 
restrict the use and enjoyment of that property; and 
2. Imposing the conditions of this permit as covenants, conditions, and restrictions 
on the use and enjoyment of the property. The deed restriction shall include a 
legal description of the entire parcel or parcels governed by this permit. The deed 
restriction shall also indicate that, in the event of an extinguishment or 
termination of the deed restriction for any reason, the terms and conditions of 
this permit shall continue to restrict the use and enjoyment of the subject 
property so long as either this permit or the development it authorizes, or any 
part, modification, or amendment thereof, remains in existence on or with 
respect to the subject property. 
  
All documents related to any future marketing and sale of the subject property, 
including but not limited to marketing materials, sales contracts, deeds, and similar 
documents, shall notify buyers of the terms and conditions of this coastal development 
permit including but not limited to the fact that: 
  
1. Development is confined to a surveyed building envelope, and development 
seaward of the approved residence is prohibited except for maintenance of native 
landscaping and maintenance and eventual removal of the approved septic leach 
field lines; 
2. The site is subject to extreme coastal hazards including, but not limited to, 
episodic and long-term shoreline retreat and coastal erosion, landslide, seismic 
hazards, and geologic instability, and development cannot be set back far enough 
to assure structural stability for its lifespan; 
3. Shoreline protective device(s), including but not limited to seawalls, revetments, 
gunite, upper bluff retaining walls, caissons, gabion baskets, etc., are prohibited 
to protect the development authorized by the coastal development permit, and 
the approved structure will not be considered to be an existing structure for 
purposes of Coastal Act Section 30235; and 
4. The residence authorized by the CDP must be constructed of a foundation system 
that facilitates moving the structure and its foundation in the future and must be 
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removed or relocated when either any government agency orders removal or 
when the bluff becomes unstable as determined by required monitoring. 
  
Future Development Restriction Conditions 
 
Below are the Coastal Commission Local Coastal Plan Update and Sea-Level Rise 
guidelines upon which the preceding policy rulings have been based, as well as reference 
to the ‘best available science.’  Any deviation from the above special conditions should 
consider the principles and science articulated in this Coastal Commission guidance.  
 
9.2 Coastal Commission Local Coastal Plan Update Guidelines 
 
Use Science to Guide Decisions [Coastal Act Sections 30006.5; 30335.5] 
1. Acknowledge and address sea-level rise as necessary in planning and permitting 
decisions. 
2. Use the best available science to determine locally relevant (context-specific) sea-
level rise projections for all stages of planning, project design, and permitting 
reviews. 
3. Recognize scientific uncertainty by using scenario planning and adaptive 
management techniques. 
Minimize Coastal Hazards through Planning and Development Standards 
[Coastal Act Sections 30253, 30235; 30001, 30001.5] 
4. Avoid significant coastal hazard risks where feasible. 
5. Minimize hazard risks to new development over the life of authorized structures. 
6. Avoid or minimize coastal resource impacts when addressing risks to existing 
development. 
7. Account for the social and economic needs of the people of the state; assure 
priority for coastal-dependent and coastal-related development over other 
development. 
8. Property owners should assume the risks associated with new development in 
hazardous areas. 
Maximize Protection of Public Access, Recreation, and Sensitive Coastal 
Resources [Coastal Act Chapter 3; Section 30235] 
9. Provide for maximum protection of public beach and recreational resources in all 
coastal planning and regulatory decisions. 
10. Maximize natural shoreline values and processes and embrace green 
infrastructure and living shorelines; avoid the perpetuation of shoreline 
armoring. 
11. Address other potential coastal resource impacts (wetlands, habitat, scenic, etc.) 
from hazard minimization decisions, consistent with the Coastal Act. 
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12. Address the cumulative impacts and regional contexts of planning and permitting 
decisions. 
13. Require mitigation of unavoidable public coastal resource impacts related to 
permitting and shoreline management decisions. 
14. Include best available information on resource valuation in mitigation of coastal 
resource impacts. 
Maximize Agency Coordination and Public Participation [Coastal Act 
Chapter 5; Sections 30006; 30320; 30339; 30500; 30503; 30711] 
15. Coordinate planning and regulatory decision making with other appropriate 
state, local, and federal agencies; support research and monitoring efforts. 
16. Consider conducting vulnerability assessments and adaptation planning at the 
regional level. 
17. Provide for maximum public participation in planning and regulatory processes. 
 
 
 
9.3 Coastal Commission Sea-Level Rise Guidelines 
  
Determine a range of sea-level rise projections relevant to LCP planning 
area or segment. 
  
Local governments should use the best available science to identify a range of sea-level 
rise projections for their region. [At present, this body of science currently includes the 
2012 NRC Report and the 2008 Impacts of Sea-Level Rise on the California Coast 
prepared by the Pacific Institute – see below reference to ‘Best Available Science’ and is 
the basis for review of Big Lagoon CDP geologic reports as conducted by the Coastal 
Commission staff geologist] Next, they should modify those projections to account for 
local conditions.  
  
Identify potential physical sea-level rise impacts in LCP planning 
area/segment. 
 
Using the sea-level rise projections identified in above, planners should determine the 
potential future impacts of sea-level rise hazards, including inundation, storm flooding, 
wave impacts, erosion, or saltwater intrusion into freshwater resources. 
  
Assess potential risks from sea-level rise to coastal resources and 
development in LCP planning area/segment. 
  
Planners should determine what development and resources, including those addressed 
in Chapter 3 of the Coastal Act, are at risk from sea-level rise hazards. As part of this 
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step, planners should assess whether the planning area or segment land uses are feasible 
given sea-level rise impacts and determine whether land uses will need to be revised. 
This process will enable planners to prioritize resources at risk in the next steps of the 
planning process. 
  
Identify adaptation measures and LCP policy options. 
  
Certified LCPs will already have land use policies, standards, and ordinances that 
implement Chapter 3 policies related to hazard avoidance and mitigation; however, 
these may need to be amended to address sea-level rise impacts. Two types of updates 
will be necessary to address sea-level rise: policies and ordinances that apply to all 
development exposed to sea-level rise, and policies and land use changes to address 
specific risks in a particular portion of the planning area. 
  
Develop or update LCP and certify with California Coastal Commission. 
  
The next step is to incorporate the LCP policies that address sea-level rise into a new 
LCP or an updated LCP amendment, and submit the document to the Coastal 
Commission for certification. Developing or updating the LCP should be completed in 
close coordination with Coastal Commission staff. Once the LCP, including the Land 
Use Plan and Implementing Ordinances, are amended and certified with revised policies 
to address sea-level rise, local governments will implement the certified policies through 
the coastal development permit process. Local governments should identify technical 
assistance and pursue funding and partnerships necessary to support this action. 
  
Monitor and re-evaluate implementation of the LCP and specific measures 
as needed. 
Planners should then identify key resources to monitor and plan periodic updates to 
their LCPs to incorporate new science relevant to their area. 
 
 
 
  
Page | 44 
10 Appendix B: Figures 
 
 
 
                             Figure 8. Left picture is of the bluff face along Big Lagoon Park and the right picture is 
the bluff face along the Big Lagoon subdivision area of deferred certification (Michalak 2015). 
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Figure 9. South facing photo taken from northernmost point of Big Lagoon bluffs during the 1998 storm 
surge (Michalak 2015). 
  
 
 
 
 
Figure 10. North facing photo of northernmost Big Lagoon subdivision bluffs (near view) with high 
intensity wave cutting action; and the southernmost Big Lagoon Park bluffs (far view). This photo was 
taken from the northernmost point of Oceanview Drive (Michalak 2015). 
  
Page | 46 
 
 
Figure 11. North facing photo of bluffs between Big Lagoon Park and Big Lagoon Estates with high 
intensity wave cutting action. This photo was taken from midpoint of Oceanview Drive (Michalak 2015). 
 
 
 
 
 
 
Figure 12. South facing photo of Big Lagoon subdivision area bluffs with high intensity wave cutting 
action (Michalak 2015). 
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Figure 13. Map showing current area conditions (as depicted by the Humboldt County parcel map) in 
further detail including the area of deferred certification, zoning prescriptions, and the 2014 bluff edge. 
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Figure 14. Historical retreat of the bluffs adjacent to the central region of Big Lagoon Subdivision. 
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Figure 15. Historical retreat of the bluffs adjacent to the southern region of Big Lagoon Subdivision. 
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Figure 16. Projected bluff retreat in the northern region of Big Lagoon Subdivision over a period of 30, 
50, 75, and 100 years using a retreat rate of 1.5 ft. /yr. 
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Figure 17. Projected bluff retreat in the central region of Big Lagoon Subdivision over a period of 30, 50, 
75, and 100 years using a retreat rate of 1.5 ft. /yr. 
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Figure 18. Projected bluff retreat in the southern region of Big Lagoon Subdivision over a period of 30, 
50, 75, and 100 years using a retreat rate of 1.5 ft. /yr. 
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Figure 19. This map is a representation of a 189 foot property-specific setback applied to the entire Big 
Lagoon Estates. The shortcomings of setbacks are made clear in this map - setbacks will eventually be 
required to be farther back from the bluff edge than the property lines of many of the properties in the 
ADC. 
Page | 54 
 
Figure 20. Distances of structures in northern region of Big Lagoon Estates from bluff edge. 
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Figure 21. Distances of structures in central region of Big Lagoon Estates from bluff edge. 
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Figure 22. Distances of structures in southern region of Big Lagoon Estates from bluff edge. 
Page | 57 
 
 
Figure 23.  Flowchart for establishing development setbacks for bluff edge erosion (Johnsson 2005). 
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11 Appendix C: Data from HSU Geology Department 
Data from Dr. Melanie Michalak 
Humboldt State University - Geology Department 
 
EROSION RATES AT BIG LAGOON 
 
The table on the attached page shows rates of erosion of the cliffs below the Big Lagoon 
subdivision as measured from aerial photographs. The work was done by Don Tuttle, 
the county Resource Analyst (investigation of Methods for Determining Coastal Bluff 
Erosion, March 1981). Stations 1 through 9 lie below the main part of Big Lagoon. Note 
that from 1931 through 1974 the erosion at stations 1 through 9 ranged from 3 to 90 feet, 
averaging about 56 feet. During December 1982, a combination of storm waves and very 
high tides caused further retreat of between 20 and 40 feet. The aerial photograph 
below shows the town of Big Lagoon in 1947. 
 
 
This table shows measurements along Ocean View Drive from Park Road to the edge of 
the coastal bluffs taken from 1931, 1941, 1942, and 1974 aerial photographs, as well as 
four on-the ground measurements along Line 7 made by HSU Geology classes in April 
1998, April 2003, November 2004, April 2006, Oct. 2008, Sept 2009 and this class. 
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